INTRODUCTION {#sec1-1}
============

Anesthesia is a balance between anesthetic drug requirement and the state of arousal of the patient. Inadequate doses lead to increased incidence of awareness, while generous administration of drugs leads to hemodynamic instability, delayed recovery, and increase in other complications.\[[@ref1]\]

In the absence of central nervous system monitoring, hypnotic agents are traditionally administered on the basis of fixed dose regimen adjusted to the response of patient judged by clinical parameters including loss of verbal response. The fixed dosing regimen however does not take into account the pharmacokinetic or pharmacodynamic variability between patients and may be a cause of frequent over or under dosing of induction agent in patients. Bispectral index (BIS) monitor is used to monitor hypnosis and depth of anesthesia. Clinically optimized focusing of drug administration to a specific need of patient with BIS monitoring results in reduced dosage of anesthetic agents and faster recovery of consciousness. BIS value between 40 and 60 reflects adequate hypnotic effect of general anesthesia with reasonably rapid recovery of consciousness.\[[@ref2]\]

We hypothesized that BIS-guided propofol induction leads to an optimal depth of anesthesia without causing hemodynamic fluctuations as compared to a conventional clinical technique of propofol induction. This study was planned with an aim to study the clinical characteristics and hemodynamic alterations during propofol induction guided by clinical signs or BIS level.

METHODS {#sec1-2}
=======

This randomized, prospective, controlled trial was undertaken after taking the Institutional Ethics Committee approval and written informed consent from patient. The study involved 70 patients of either sex, 20-60 year old, American Society of Anesthesiologists (ASA) physical class I and II undergoing surgical procedures under general anesthesia and requiring endotracheal intubation. Patients having history of stroke, stupor, dementia, long-term use of central nervous system (CNS) activator drugs, benzodiazepines and/or opiates therapy, and pregnant females were excluded from the study.

The patients were premedicated with oral diazepam 10 mg on the night before and 2 hr prior to surgery. On arrival to the operating room, intravenous access was established with an 18 G intravenous cannula. Standard monitoring like 5-lead electrocardiogram (ECG), non-invasive blood pressure (NIBP), pulse oximeter, BIS sensor, and BIS monitor A-2000^TM^ were applied and baseline parameters were noted.

The patients were divided into two groups by simple random sampling by sealed envelope method:

Group A: The induction of anesthesia was done with intravenous injection of fentanyl (2 μg/kg), followed 3 min later by infusion of propofol at the rate of 30 mg/kg/hr till the loss of response to verbal command

Group B: The induction of anesthesia was performed with intravenous fentanyl (2 μg/kg), followed 3 min later by propofol infusion at the rate of 30 mg/kg/hr. The end point of hypnosis was sustained BIS value of 48±2 for 1 min.

In each group, after induction of anesthesia with end point of hypnosis as per group allocation the ease of mask ventilation was checked, vecuronium bromide in dose of 0.1 mg/kg was administered and patients were ventilated with 66% nitrous oxide in oxygen for 3 min. Tracheal intubation was completed with appropriate sized cuffed endotracheal tube. Anesthesia was maintained with 66% nitrous oxide in oxygen, isoflurane to maintain BIS value between 40 and 60, intermittent boluses of vecuronium and fentanyl 1 μg/kg. At the end of surgery, the residual neuromuscular block was reversed with intravenous neostigmine (0.05 mg/kg) and glycopyrrolate (0.01 mg/kg) and trachea was extubated, and patients were shifted to post anesthesia care unit. Neuromuscular monitoring was not used in our study.

The total dose of propofol administered to attain the desired end points as loss of verbal response (group A) or BIS of 48±2 (group B) were recorded. The values of BIS and hemodynamic parameters (heart rate, systolic/diastolic blood pressure) were recorded at the time of loss of consciousness, intubation, every minute for first 10 min after intubation and thereafter every 10 min till the end of surgery. Any involuntary muscle activity after propofol induction such as jerky movements, dystonic posturing, and opisthotonos was also recorded.

Statistical analysis {#sec2-1}
--------------------

Data processing was done utilizing Excel and SPSS package. The unpaired *t* test was used for comparison of data between the different groups while the paired *t* test was utilized for comparison of data within the same group. *P*\<0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

Seventy patients were randomized into two groups and no patient was excluded from the study analysis. The demographic parameters were comparable between the groups \[[Table 1](#T1){ref-type="table"}\]. The mean dose of propofol used for induction was 1.85±0.48 mg/kg (group A) and 1.79±0.41 mg/kg (group B), respectively. The dosage of propofol in group B were less compared to group A, but it was not statistically significant (*P*=0.575) \[[Table 2](#T2){ref-type="table"}\]. Males in group A required 2.06±0.45 mg/kg propofol for induction, while the female patients required the dose of 1.65±0.44 mg/kg. This difference in dosage of propofol was statistically significant (*P*=0.0002). In group B, mean dose of propofol for induction for male and female patients was 1.83±0.32 and 1.75±0.49 mg/kg respectively and was statistically insignificant (*P*=0.421). On comparing the dosage of propofol among males of the two groups, a significantly lower dosage of propofol was observed in group B (2.06±0.45 mg/kg and 1.83±0.32 mg/kg, respectively, *P*=0.016). This decrease however was not observed among female patients, dosage being 1.65±0.44 mg/kg and 1.75±0.49 mg/kg, respectively (group A versus group B) (*P*=0.372).

###### 

Demographic profile in the two groups
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###### 

Dosage of propofol in the two groups
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The hemodynamic variables including heart rate, systolic/diastolic blood pressure, and BIS were comparable between the groups at time of induction, post-induction, and intubation. A significant increase in heart rate, blood pressure, and BIS values was observed post-intubation (*P*\<0.001) \[[Table 3](#T3){ref-type="table"}\]. The BIS value was then maintained between 40 and 60 throughout the surgical procedure except for the last 10 min of surgery where it was allowed to rise for the extubation of the patient. Involuntary movements were observed in five patients in group A while only in one patient in group B.

###### 

Changes in hemodynamic parameters and BIS values at different times in groups
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DISCUSSION {#sec1-4}
==========

We observed that titration of propofol for induction of anesthesia either by conventional clinical or BIS-guided evaluation is comparable in respect to the dosage, BIS values, and hemodynamic variables. A higher incidence of involuntary movements during induction occurred when dosage were titrated by clinical parameters.

A BIS range between 40 and 60 is recommended for surgical anesthesia. It allows for precise dosing of anesthetics, avoiding unnecessarily deep anesthesia as well as reducing the risk of awareness. Plasma concentration of propofol depends on factors such as age, gender, body weight, dose, infusion rate, and cardiac output.\[[@ref3]\] It is generally assumed that the rate of equilibration between the plasma and effect site of drug is independent of rate of drug administration, several studies suggest that this may not be the case for intravenous anesthetics. A complex interaction of rate, dosage and duration of anesthetic exposure as well as physiological factors might influence the plasma effect site concentration.\[[@ref4]\] Various infusion rates of propofol have been used by different authors\[[@ref5]--[@ref7]\] to achieve a therapeutic blood concentration of propofol. Target-controlled infusion provides a precise blood concentration of propofol, but due to its unavailability in our setup at the time of study, we used the infusion of propofol at the rate of 30 mk/kg/hr in lieu of the study of Wei-Dong.\[[@ref6]\] Use of BIS was associated with a reduction in dosage of propofol for induction in our study though it was found to be statistically insignificant (1.79±0.41 mg/kg compared to 1.85±0.48 mg/kg) (*P*\>0.05). This reduction in dosage was consistent with the findings of several investigators;\[[@ref5][@ref8]\] however the decrease in our study was less compared to the other studies. A reduction of 10-40% in dosage has been reported in literature though we found the difference of only about 3% overall. A decrease in dosage of 11% was observed in males with the use of BIS. The exact basis of such variation is not known though. Ethnicity of patients has been shown to have an influence.\[[@ref9]\] The female patients in our study required a lower dose of propofol for induction compared to males whether clinically or BIS guided with comparable BIS values. Kodaka *et al*.\[[@ref10]\] found that men required significantly more propofol than women at induction (2.9±0.2 v/s 2.7±0.1 mg/kg respectively) but there was no difference in the BIS value at loss of consciousness for men and women. Our study also showed that the decrease in dose of propofol in females compared to males and utilization of propofol for induction in both sexes were less compared to the study of Kodala *et al*. This difference may have been due to the following reasons: The subjects in the study of Kodala *et al*. were younger in age and had a mean weight much higher than our subjects. Ethnicity may have also played a role. Ward *et al*.\[[@ref11]\] found that women had a smaller volume of distribution for propofol and a larger clearance resulting in a larger initial peak and smaller final concentration during similar continuous infusions. Our findings correlated with these studies. On comparing the mean dose of induction in males between the two groups, BIS monitoring was associated with the decrease in the mean dose of propofol (1.83±0.32 mg/kg in the BIS group compared to 2.06±0.45 mg/kg in the clinical group), a reduction of 11%. Paradoxically, in females the mean dose of propofol was found to be higher in the BIS-guided induction group i.e. 1.75±0.49 mg/kg in comparison to the clinically monitored group where the mean dose of propofol was 1.65±0.44 mg/kg. Similar findings were seen in the studies of Kodaka *et al*. and Wilhelm *et al*.\[[@ref10][@ref12]\]

A paradoxical response between BIS value and total dose of propofol induction were observed in two cases. In the first case, a female patient weighing 51 kg had a sudden decrease of BIS value to 33 when only 30 mg (0.6 mg/kg) propofol was administered. In the second patient, again a female patient weighing 52 kg had no response to verbal command even though the dose of propofol administered was only 40 mg. The BIS value however in both cases was 63. Similar findings were also observed by Rudner in patients where he found that after 2 min of propofol administration at 1.26 mg/kg, the BIS value came down to 4 and an isoelectric EEG was observed. He opinioned that there is a wide variability in response of patient to propofol and continuous monitoring of cortical electrical activity is required to observe such changes.\[[@ref13]\]

A comparison of BIS changes at different time of observations showed insignificant changes in BIS after induction; a significant increase in the BIS value was observed after intubation in both Groups. Studies by Dong *et al*. showed that BIS value increases significantly after tracheal intubation.\[[@ref6]\] Use of opioids such as remifentanil has shown blunt increases in BIS after laryngoscopy and tracheal intubation in a dose-related fashion\[[@ref14]\] under constant propofol infusion. Singh *et al*. found that the hypnotic interaction between propofol and fentanyl at 1-3 μg/kg during propofol i.v. anesthesia does not significantly lower the BIS and 95% SEF values. Higher doses of fentanyl have significant interaction with propofol and results in lowering the BIS and 95% SEF values.\[[@ref7]\] The dose of fentanyl used by us in our study was only 2 μg/kg and this may have resulted in an increase in the value of post intubation BIS. Frakes *et al*.\[[@ref15]\] found that at moderate doses of 2.5 to 3 μg/kg, fentanyl blocks roughly half of the sympathetic response. To effectively minimize the reflex sympathetic response to laryngoscopy, fentanyl doses of 5 μg/kg is needed but this increases the risk of adverse effects.

Choice of neuromuscular blocking agent has been implicated for changes in BIS. Use of depolarizing muscle relaxants has shown to decrease BIS, while use of non-depolarizing agents does not affect BIS.\[[@ref16][@ref17]\] So to prevent such interactions we have utilized vecuronium for facilitating intubation.

BIS have been found to be influenced by the addition of inhalational agents such as sevoflurane.\[[@ref18]\] Use of nitrous oxide however has not been associated with any changes in BIS up to the concentration of 70%.\[[@ref19][@ref20]\] Considering these facts after induction of anesthesia we ventilated our patients with N~2~ O/O~2~ and did not use inhalational anesthetics until after the patient was intubated.

Involuntary movements were seen in six patients (two males and three females) in group A and in one female patient in group B. The females and group A patients had higher incidence of involuntary movements. During involuntary movements there were no changes in the BIS values. It has been established that the excitatory effects of propofol are sub-cortical in origin and are not associated with EEG activity. They may include occasional involuntary movements, myoclonus, dystonic posturing, and opisthotonos. Involuntary movements not related to light plane of anesthesia were seen in propofol induction (23.1%) compared to 3.9% in thiopentone induction in a study by Boey *et al*.\[[@ref21]\]

A limitation of our study is that we have compared the younger age group with the range of age being 34±10 years. A wider range of age would have given an idea of influence of age of the patient on the dosage of propofol.

A number of studies have cited the influence of increasing age of patient to decrease in the induction dosage of propofol.\[[@ref22][@ref23]\] These patients are also prone for hemodynamic variations in the perioperative period as a result of co morbid conditions which have been demonstrated with higher mortality in the post-operative period.\[[@ref24][@ref25]\]

In conclusion, there is no significant difference in the induction dose of propofol when assessed clinically (loss of verbal response) or by BIS monitoring. Female patients require lesser dose of propofol than male patients. The changes in BIS value and hemodynamic parameters are similar in both the groups. So, we conclude that traditional titration of the adequate dose of propofol and depth of anesthesia during intubation by loss of verbal response is as good as BIS value monitoring. Dose requirement of propofol was also not reduced significantly in BIS monitored group. Considering the cost and monetary burden on the patient in our set up, routine use of BIS for titrating the dosage of propofol is not justified. It can be used as a tool of monitoring depth of anesthesia, record keeping, research, and medico legal purposes.
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